ABSTRACT
Introduction
The metabolic syndrome (MetS) is described as multicomponent disturbances accompanied by abdominal obesity, hypertension, hypertriglyceridemia, depressed plasma high-density lipoprotein (HDL) cholesterol and elevated glucose (2, 5) . It is associated with an increased risk of coronary heart disease (CHD) and type 2 diabetes (T2D). Heritability estimates for MetS range from 10% to 30% (3, 31, 37) , indicating that MetS is partly heritable. In recent years genome-wide association studies (GWAS) have generated evidence that associates genetic variations at multipe regions of the genome with quantitative traits reflecting obesity and MetS. Nowadays about 15-20 genes are being associated with obesity, MetS and related diseases. Variations in FTO gene (fat mass and obesity-associated gene) were linked to obesity and/or metabolic-related traits -genetic association-based studies have shown that some SNPs in the FTO gene are related to increased body mass index (BMI) (1, 7, 10) , higher fasting insulin, glucose, triglycerides, lower HDL cholesterol (23) , waist circumference (1, 26) and weight (7) . The FTO gene is located on chromosome 16q12.2 and has nine exons. FTO is mainly expressed in the hypothalamus and encodes a 2-oxoglutaratedependent nucleic acid demethylase. It may play important roles in the management of energy homeostasis (9, 34) , nucleic acid demethylation, and the regulation of body fat masses by lipolysis (11) .
Adiponectin secreted mainly by mature adipocytes is a protein encoded by the ADIPOQ gene on the chromosomal locus 3q27. Several genetic variations in ADIPOQ are associated with obesity, T2D and related phenotypes in several populations (4, 21, 24, 27, 29, 30, 32, 36) . One of the most commonly studied SNPs at the ADIPOQ locus in intron 2 are G to T (rs1501299) and C to T (rs822391) substitutions. However, association studies of these two SNPs, either independently or as a haplotype, have resulted in conflicting evidence in different populations and sample types (14) . The +276G allele in rs1501299 has been associated either with increased or with decreased levels of plasma total adiponectin in different Caucasian populations (22, 35) , while this allele has been positively associated with obesity in Sweden (4), but not in Finland (18) . Reverse associations with insulin resistance (IR) were also observed for SNP +276G>T in Italian (25) versus Japanese (33) and Polish populations (6) . Adiponectin binds to two types of receptors, AdipoR1 and AdipoR2. AdipoR2 is predominantly expressed in liver and has intermediate affinity for both full-length and globular adiponectin (12, 15) . AdipoR2 mRNA expression in subcutaneous and visceral adipose tissue is reduced in states of obesity and type 2 diabetes and correlates with circulating adiponectin levels, lipid levels, parameters of insulin sensitivity, and glycemic control (28) , however there are no detailed investigations of rs16928662 SNP in the AdipoR2 gene.
Furthermore, there are no studies on the association of any genetic factors with MetS in Bulgarian population. The objective of this study was to investigate the relationship between four SNPs in FTO, ADIPOQ and ADIPOR2 genes and obesity and MetS and to establish the allele frequencies of certain SNPs in Bulgarians as a Caucasian population. These four SNPs were selected by available association studies and potential impact on the development of MetS.
Materials and Methods

Study subjects
The study included 164 Bulgarian volunteers ≥18 years of age. А case-control association study among subjects with adult obesity according to the waist/hip circumferences ratio (WHR) (n=67, WHR male >0.9 and WHR female >0.85) and normal control subjects (n=97, WHR male ≤0.9 and WHR female ≤0.85) was performed. The volunteers male:female ratio of the subjects involved in the study was 59:105. Patients with secondary obesity and obesity related hereditary disorders were not included and neither were patients with medicationinduced obesity. The study subjects participated on voluntary basis and each subject signed a consent form on enrollment. The study protocol was approved by the Ethics Commission of Medical University -Varna.
Biochemical analysis and anthropometric measurements
Obesity-associated indices, which include BMI, level of plasma glucose, triglycerides (TG), total cholesterol, high-density lipoprotein (HDL) cholesterol, blood pressure (systolic/diastolic) and waist and hip circumferences were measured. All study subjects were examined between 8:00 and 10:00 а.м. after an overnight fast. The biochemical analyses were performed at the same day using commercially available enzymatic colorimetric assay kits (Human, Wiesbaden, Germany). The anthropometric measurements were made using standardized protocols and validated scales. Blood pressure was measured twice in 5 minutes interval while participant was in a sitting position.
Genotyping of the four SNPs
Genomic DNA was isolated from whole blood using QIAamp DNA Blood MiniKit, QIAGEN GmbH, Hilden, Germany and was stored at -20 0 C. Detection of the SNPs: FTO rs9939609, ADIPOQ rs1501299, ADIPOQ rs822391, and ADIPOR2 rs16928662 was carried out using a validated TaqMan genotyping assay (Assay ID C_30090620_10, C_7497299_10, C_7497290_10 and C_33717989_10; Applied Biosystems, Foster City, CA). SNP genotyping was performed using allelic discrimination assay (TaqMan® SNP Genotyping Assays, Applied Biosystems, Foster City, CA) on a 7500 Real-Time PCR System and genotypes were read by automated software (Applied Biosystems, Foster City, CA). Reactions were run in 10 μl volumes according to an amplification protocol of 50°C for 2 min, 95°C for 10 minutes, followed by 40 cycles of 95°C for 15 seconds, then 60°C for 1 minute.
Statistical analysis
Statistical analyses were performed using the SNPStats statistical analysis software package (Catalan Institute of Oncology, Spain). A χ2 test was applied to evaluate the Hardy-Weinberg equilibrium, and paired t-test -to analyze data (95% confidence interval). P values <0.05 were regarded as significant using GraphPadPrism statistical software.
Results and Discussion
Significantly different anthropometric indices (p<0.001), such as weight, BMI and waist and hip circumferences were measured for the control group of volunteers with WHR male ≤0.90/WHR female ≤0.85, as compared to the obese group with WHR male >0.9/WHR female >0.85. All laboratory parameters but total cholesterol were significantly different in the two groups as well (see Table 1 ).
The distribution of genotypes for the rs9939609, rs1501299, rs822391 and rs16928662 polymorphisms was in accordance with HardyWeinberg equilibrium and correlated with genotype data for other populations (see Table 2 ). However, no significant difference between allele frequencies in the two studied groups was found (see Table 3 ).
Independent studies of large Caucasian populations (8, 17, 19) have demonstrated associations of various FTO SNPs with type 2 diabetes and obesity. According to Al-Atar and coworkers (2008) FTO rs9939609 A allele carriers had an increased risk of MetS also in nonCaucasian populations. AdipoQ rs1501259 T allele carriers were associated with high adiponectin levels in Italian population (14, 30) and, just on the opposite, G allele carriers were associated with high adiponectin levels in Greek population (16) or significant associations were not found in a third group of studies (13) . AdipoQ rs822391 T allele carriers were related to an increased risk for CVD in Korean volunteers (20) . G=0.01 *1 subject failed to be genotyped for rs9939609 ** 1 subject failed to be genotyped for rs1501299 Table 4 ). Significant association between the risk allele SNP carriers for the FTO and ADIPOQ genes and obesity or increased risk of MetS was not established for this Bulgarian cohort. What is more, in disagreement with earlier reports (5) significant higher blood glucose levels were established for the TT rs9939609 FTO carriers and not for AA carriers. Regardless of the FTO genotype glucose levels were elevated in the obese group. Additional analysis of ADIPOQ rs1501299 revealed also contradictory associations with triglycerides levels. In the control group TT carriers had significantly (p=0.02) lower levels of TG (0.71±0.09 vs. TG/GG 1.1±0.06 mmol/l). Just on the opposite in the obese group GG carriers had significantly (p=0.03) lower levels of TG (1.57±0.14 mmol/l vs. TT/TG 2.53±0.44 mmol/l). Thus, no genotype could be associated with metabolic disturbances although ADIPOQ rs822391 TT carriers exhibited significantly lower plasma glucose levels when compared to TT/TC carriers (4.35±0.08 vs. 4.67±0.12, p=0.02).The only GG rs16928662 carrier for ADIPOR2 gene had higher BMI, waist/hip ratio, TG, total cholesterol and blood pressure as compared to GG and TT carriers -a genotype distribution corresponding to data from Hap Map.
Distribution genotype analysis of subjects with obesity (BMI>30) and MetS indicated that rs9939609 AA, AT and TT allele carriers had equal chance for development of MetS (see Table 5 ). MetS was defined using the criteria of World Health Organization (presence of one of the following: impaired glucose tolerance, impaired fasting glucose or insulin resistance; and presence of at least two of the following: blood pressure≥140/90 mmHg, dyslipidemia: (TG)≥1.695 mmol/L and HDL cholesterol≤ 0.9 mmol/L (male), ≤1.0 mmol/L (female), central obesity: WHR>0.90 (male); >0.85 (female), or body mass index>30 kg/m 2 ). Similar data were obtained for CC, and for CC+ CT carriers of rs822391 ADIPOQ (see Table  5 ). ADIPOQ rs1501299 GG, and GG+GT carriers had relatively elevated risk for obesity and significantly increased risk for MetS, as compaired to TT carriers (see Table 5 ). These data are in accordance with other population studies for Caucasian for rs1501299 (36) . On the other hand, associations with TG were contradictory relating the T allele to higher TG in normal-weight individuals and the G allele in obese ones. The only GG carrier for ADIPOR2 gene was with MetS. 
Conclusions
This first study establishes genotype distribution and allele frequencies of SNPs in the FTO, ADIPOQ and ADIPOR2 genes in Bulgarian population. A direct and convincing linkage between obesity and the studied SNP genotypes in Bulgarian population has not been established at present. One reason could be the small sample size.
Also environmental impact and metabolic flexibility possibly play a major role in health status than the simplified causative relationship between genotype and obesity and MetS related diseases.
